Searching PAJ 



b6ST AVAILABLE COPY 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 05-2991 05 

(43)Date of publication of application : 12.1 1.1993 



(51)lnt.CI. HOIM 8/02 

^ ' HOIH 8/10 



(21 )Application number : 04-104325 (71)Appllcant : MITSUBISHI HEAVY IND LTD 

(22)Date of filing : 23.04.1992 (72)lnventor : MAKIHARA HIROSHI 

KOBAYASHI KAZUTO 
KURODA KENNOSUKE 
UCHIDATOSHIYUKI 



(54) FUEL BATTERY 
(57)Abstract: 

PURPOSE: To provide a fuel battery to which a reformed gas can be 



directly supplied. 

CONSTITUTION: In a fuel battery in which a gas 18 containing 
hydrogen is used as a fuel, a palladium series metal film 14 is provided 
as a hydrogen separation film of selectively transmitting hydrogen into 
the hydrogen pole side of a proton conduction type electrolyte layer 1 1 . 
Hydrogen is preferentially transmitted from the gas touching the 
hydrogen pole through the palladium series metal film and transferred 
to the foregoing electrolyte layer to generate an electric power, so that 
a reformed gas can be supplied as a fuel direction to the battery without 
the gas containing hydrogen obtained by particularly reforming the fuel 
being refined with high purity in advance. 
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♦ NOTICES ♦ 



JPO and NCZPI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the trainslation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fuel cell characterized by making hydrogen penetrate preferentially out of the gas which comes to arrange the hydrogen 
demarcation membrane which makes hydrogen penetrate ziltematively to the hydrogen pole side of the electrolyte layer of a 
PURONTO conduction type in the fuel cell which operates considering the gas containing hydrogen as a fuel, and touches a hydrogen 
pole through the hydrogen demarcation membrane concerned, and generating electricity by transmitting to said electrolyte layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Without refining beforehand the hydrogen content gas which reforms especially the fuel concerned and is 
obtained to a high grade about the fuel cell which uses alcohol, such as hydrocarbons, such as methane, or a methanol, as a fuel, this 
invention is devised so that the hydrogen pole of the cell concerned can be directly supplied by using reformed gas as a fuel. 
[0002] 

[Description of the Prior Art] A fuel cell hardly generates the noise, when it is not necessary to use the fossil fuel which has the 
exhaustion problem of a resource, but since it has the description which was [ make / compared with other energy engines / recovery 
effectiveness of energy / very high ] excellent, it is use as a comparatively small power generating plant of a building unit or a works 
unit. In recent years, this fuel cell is used as a power source of the motor which replaces with the internal combustion engine for 
mount, and operates, and it considers driving a car etc. by this motor. In this case, it makes into a natural thing for an important thing 
to reuse the matter generated by the reaction as much as possible, and it is desirable for a not much big output to be small as much as 
possible with all the equipment of a not required thing, and the fuel cell which uses ion exchange membrane from such a point, 
especially the solid-state polyelectrolyte film fuel cell attract attention so that clearly also from it being an object for mount. 
[0003] Here, the basic structure of the body of a solid-state polyelectrolyte film fuel cell is explained as an example, referring to 
drawing 4 . As shown in this drawing, the cell proper 01 is constituted by joining gas diffusion electrodes 03A and 03B to the both 
sides of the solid-state polyelectrolyte film 02. And this zygote is manufactured by carrying out a hotpress etc., after setting gas 
diffusion electrodes 03 A and 03B by the both sides of the solid-state polyelectrolyte film 02. Moreover, the reaction film 04A and 04B 
and the gaseous diffusion film 05 A and 058 are joined, respectively, and, as for gas diffusion electrodes 03 A and 03B, the front face 
of the reaction film 04A and 04B touches in the electrolyte membrane 02. Therefore, a cell reaction mainly occurs in the contact 
surface between an electrolyte membrane 02 and the reaction fibn 04A and 04B. moreover, the gas separator which has oxygen supply 
slot 06a in the front face of the above-mentioned gas diffusion electrode 03A — moreover, the gas separator 07 which has hydrogen 
supply slot 07a is joined to the front face of gas diffusion electrode 03B of another side, respectively, and the oxygen pole and the 
hydrogen pole are constituted. 

[0004] And if oxygen supply slot 06a and hydrogen supply slot 07a supply oxygen and hydrogen, respectively, oxygen and hydrogen 
will be supplied to the reaction film 04A and 04B side through each gaseous diffusion film 05A and 05B, and the following reactions 
will occur by the interface of each reaction film 04A and 04B and an electrolyte membrane 02. 

interface [ of reaction fibn 04A ]: - interface [ of 02+4H'H-4e->2H2 O reaction film 04B ]: - 2H2 ->4H-M-4e- here - 4H+ Although 
it flows from a hydrogen pole to an oxygen pole through an electrolyte membrane 02, 4e- will flow from a hydrogen pole to an oxygen 
pole through a load 08, and electrical energy is obtained. 

[0005] By the way, when a hydrocarbon or alcohol is used as a raw material, as a conventional method of working a fuel cell and 

obtaining power, there is a thing as shown in drawing 3 . In this drawing, after desulfurizing material gas first, if steam is mixed at a 

predetermined rate and it feeds into a reforming machine, the following steam-reforming reactions will advance under existence of a 

reforming catalyst. That is, if the example of methane shows, the reaction of following reaction-formula (1) - (3) shown in 1" will 

advance. 

[0006] 

[Formula 1] 

CH4 -h H2 O ^ CO + SHa • • • (1) 

CO 3Ha z> CH4 + Hz • • • (2) 

CO + Hz O 5:> CO2 + Hz • • • (3) 

[0007] The reforming reaction of hydrocarbons, such as the above-mentioned methane, is H2+, so that temperature is high, and a 
pressure is low from a viewpoint of thermodynamical equilibrium and there are many steam ratios. A reaction advances to the 
direction where the concentration of CO becomes high. 

[0008] consequently, the outlet gas of a reforming machine - H2 others - CH4, H2 O, and CO and C02 Although gas is contained, 
since CO serves as catalyst poison, generally with the fuel cell of a phosphoric acid mold or a solid-state polyelectrolyte membrane* 
type, the reformed gas from a reforming machine cannot be used as fuel gas for direct fuel cells. 

[0009] Then, reformed gas is fed into CO transformer and it is CO by the reaction (3) of the above-mentioned [ bottom / of catalyst 
existence ] H2 It converts and mitigating CO concentration to about 0.5-1% is performed. When there is the need of furthermore 
reducing CO concentration, raising purity is performed until it applies the gas after CO conversion to a gas purifier further, for 
example, CO is set to 1 0 ppm or less. As a gas purification method at this time, there are means, such as low temperature processing, 
an adsorption separation method, the deoxo method by the palladium catalyst, a wet absorption purification method, and a diffusion 
method by the palladium system alloy film. 

[0010] Thus, the heat of combustion of hydrogen is transformed to direct current power by supplying the gas (CO concentration 
having been reduced especially) containing the hydrogen of the high grade obtained to the hydrogen pole of a fuel cell, and supplying 
air or oxygen gas to another side and an oxygen pole. 
[0011] 
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[Problem(s) to be Solved by the Invention] With the conventional technique which was mentioned above, it is a fuel cell, especially it 
is obliged to complicated down stream processing (refer to drawing 3 ) in especially concentration reduction of CO so that poisoning 
of the polar-zone catalytic-reaction layer may not be carried out. 
[0012] That is, there are the following faults after a steam-reforming reaction. 

1 ) Need CO transformer. 

2) Need an altitude refiner further depending on the case. 

3) Consequently, equipment expense and running cost become expensive and worsen economical efficiency. 

[0013] This invention aims at offering the fuel cell which can supply reformed gas to the fuel cell concerned directly in view of the 

above-mentioned problem. 

[0014] 

[Means for Solving the Problem] The configuration of the fuel cell concerning this invention which attains said purpose is 
characterized by to make hydrogen penetrate preferentially out of the gas which comes to arrange the hydrogen demarcation 
membrane which makes hydrogen penetrate alternatively to the hydrogen pole side of the electrolyte layer of a PURONTO conduction 
type, and touches a hydrogen pole through the hydrogen demarcation membrane concerned, and to generate electricity by transmitting 
to said electrolyte layer in the fuel cell which operates considering the gas containing hydrogen as a fuel. 
[0015] Hereafter, the contents of the fuel cell concerning this invention are explained to a detail. 

[0016] It is the block diagram showing the outline of the fuel cell concerning this invention in drawing 1 . As shown in this drawing, 
while forming the catalyst bed 1 2 for hydrogen dissociation in one side face of an electrolyte membrane 1 1, the catalyst bed 13 for 
hydro-acid-izing is formed in the side face of another side. Moreover, the negative-electrode side gas separator 15 is laid on top of the 
palladium system metal membrane 14 list as a hydrogen demarcation membrane which serves as a hydrogen electrode in the side face 
of the catalyst bed 1 2 for one hydrogen dissociation one by one. The positive-electrode side gas separator 1 7 is laid on top of the 
oxygen electrode 16 list of porosity nature one by one also on the side face of the catalyst bed 13 for hydro-acid-izing of another side, 
[001 7] And the hydrogen content fuel gas 1 8 as reformed gas is discharged out of a system as a stream 20, after the fiiel gas passage 
19 formed in the above-mentioned negative-electrode side gas separator 15 is supplied and hydrogen is consumed in part. On the other 
hand, oxygen content gas 21, such as air, is discharged out of a system as a stream 23, after the oxygen content gas passageway 22 
formed in the positive-electrode side gas separator 17 of the opposite side is supplied and oxygen is consumed in part. 
[0018] The palladium system metal membrane 14 as a hydrogen demarcation membrane which serves as the above-mentioned 
hydrogen electrode here has the capacity to make only the hydrogen in hydrogen content fuel gas 1 8 penetrate alternatively, and it 
penetrates the inside of the palladium system metal membrane 14 concerned, and he is trying to lead the hydrogen of the above- 
mentioned hydrogen content fuel gas 1 8 to the electrolyte membrane 1 1 of a proton conduction type. 

[0019] As a palladium system metal membrane 14 which makes this hydrogen penetrate altematively, Pd single *♦**, the Pd-Ag alloy 
film, the Pd-Y alloy film, the Pd-Ag-Au-Ru alloy film, etc. can be mentioned, for example. 

[0020] About passage of the hydrogen in these palladium system metal membranes, many researches are made after discovery of 
Graham, and ttie setup of the transparency device is as follows. 

(1) A hydrogen content child sticks to the front face of the film by the side of raw gas. 

(2) Dissociate to a hydrogen atom, with an adsorption hydrogen content child adsorbing. 

(3) An adatom ionizes, separate into a proton and an electron and award an electron to a metal grid. 

(4) It is spread in the opposite side (purification hydrogen side) from a membranous raw gas side in the state of a proton. 

(5) A proton receives an electron from a metal grid in the opposite side, and the atom of the letter of adsorption generates. 

(6) Association of two adsorption hydrogen atoms generates an adsorption hydrogen content child. 

(7) a film surface to a hydrogen content child's desorption — carry out. 

Only the hydrogen which carries out a dissociative adsorption and can be in a proton condition by the above-mentioned step can carry 
out diffuse transmission of the inside of the film. 

[0021] Next, the relation between the behavior of the hydrogen and the acid which are supplied as a fuel of the fuel cell which made 
the hydrogen pole the above-mentioned palladium system metal membrane 14, and the power to generate is explained below. 
[0022] First, hydrogen infiltrates into said palladium system metal membrane 14 from the fuel gas passage 19 side by the side of a 
negative electrode, and by the alternative hydrogen permeation function of this Him, after it moves to the other end of the palladium 
system metal membrane 14 concerned in the proton H+24a condition, it is diffused in the catalyst bed 12 for hydrogen dissociation in 
a hydrogen content child's condition. Next, by the catalysis of the catalyst bed 12 concerned, a hydrogen content child dissociates and 
is proton H+. Electron e - It generates. Furthermore, concerned proton H+ Proton H+ which diffuses an electrolyte membrane 1 1 02 
which is set to flow 24b, reaches the catalyst bed 13 for hydro-acid-izing, and diffuses the inside of the porous oxygen electrode 15 
from the oxygen content gas-passageway 22 side by the side of a positive electrode It flows through flow 25 and an external electrical 
circuit. Electron e - Flow 26c is joined, it reacts and H2 O is generated. The H2 O concerned is the inside of an oxygen electrode 1 5 
02 In flow 25, it is spread in the reverse sense, and the positive-electrode side oxygen content gas passageway 20 is reached, and it is 
discharged. 

[0023] That is, when the reaction in the polar zone is summarized, it comes to be shown in following "** 2." 

[0024] 

[Formula 2] 

In the catalyst bed 12 for hydrogen dissociation H2 ->4H-H-4e- ... (4) 
In the catalyst bed 13 for hydro-acid-izing 4H-M-4e-+02 ->2H2 O ... (5) 

[0025] Electron e generated at the above-mentioned reaction (4) - Electron e - It becomes flow 26a, 26b, and 26c, moves to an antipole 
side, and contributes to a reaction (5). At this time, it is Electron e. - In case flow passes the electric load resistance 27, it will be 
outputted as power. 

[0026] In the above-mentioned explanation, although the palladium system metal membrane 14 as a hydrogen demarcation membrane 
which makes the hydrogen prepared in the negative-electrode side penetrate altematively is provided in one side face of the catalyst 
bed 12 for hydrogen demarcation membranes established in the side face of an electrolyte membrane 1 1 as shown in drawing I . it 
explains explanation of the fuel cell which it comes to constitute without using the catalyst bed 12 for these hydrogen demarcation 
membranes with reference to drawing 2 . 

[0027] The configuration of the fuel cell shown in drawing 2 joins the palladium system metal membrane 14 to the side face of an 
electrolyte membrane 1 1 directly compared with the fuel cell shown in drawing 1 , and although the points which make unnecessary 
the catalyst 13 for hydrogen demarcation membranes differ, other configurations suppose that it is the same as that of the configuration 
of the fuel cell shown in drawing 1 . Therefore, about the overlapping member, the duplicate number is attached and the explanation is 
omitted. 
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[0028] Next, the relation between the behavior of the hydrogen and the acid which are supplied as a fuel of a fiiel cell which makes a 
hydrogen pole the above-mentioned palladium system metal membrane 14, and it comes to join to the direct electrolyte membrane 1 1, 
and the power to generate is explained with reference to drawing 2 below. 

[0029] Hydrogen infiltrates into said palladium system metal membrane 14 from the fuel gas passage 19 side by the side of a negative 
electrode. First, by the alternative hydrogen permeation function of this film After moving to the other end of the palladium system 
metal membrane 14 concerned in the proton H+24a condition, with the condition of proton H+24a - the inside of the electrolyte 
membrane 1 1 concerned ~ advancing — further — concerned proton H+ Proton H+ which diffuses an electrolyte membrane 1 1 02 
which is set to flow 24b, reaches the catalyst bed 13 for hydro-acid-izing, and diffuses the inside of the porous oxygen electrode 15 
from the oxygen content gas-passageway 22 side by the side of a positive electrode It flows through flow 25 and an external electrical 
circuit. Electron e - Flow 26c is joined, it reacts and H2 O is generated. The H2 O concerned is the inside of an oxygen electrode 15 
02 In flow 25, it is spread in the reverse sense, and the positive-electrode side oxygen content gas passageway 20 is reached, and it is 
discharged. 

[0030] That is, when the reaction in the polar zone is summarized, it comes to be shown in following 3." 

[0031] 

[Formula 3] 

In the front face (hydrogen pole side) of the palladium system metal membrane 14 which penetrates hydrogen alternatively H2 - 
>4HHH-4e- ... (6) 

In the catalyst bed 13 for hydro-acid-izing 4H-M-4e-+02 ->2H2 O ... (7) 

[0032] Electron e generated at the above-mentioned reaction (6) - Electron e - It becomes flow 26a, 26b, and 26c, moves to an antipole 
side, and contributes to a reaction (7). At this time, it is Electron e. - In case flow passes the electric load resistance 27, it will be 
outputted as power. 

[0033] For the above and the palladium system metal membrane 14, tiiere is an operation which makes hydrogen ionize [ ionize and it 
adsorption-dissociates / operation ], and hydrogen is the inside of the film Proton H+ It moves in the condition. Therefore, it is proton 
H+ at joining the palladium system metal membrane 14 and an electrolyte membrane 1 1 directly. Flow can be delivered to an 
electrolyte membrane 1 1 from the palladium system metal membrane 14. 
[0034] 

[Example] Hereafter, based on the following examples, it explains that the fuel cell by this invention is effective, an electrical- 
potential-difference X current characteristic (IV property) — 0.75Vx0.2 A/cm2 namely, power flux density — 0. 15 W/cm2 When 
operating a cell, it asks for the flux of the hydrogen which flows a cell. Since the hydrogen initial complements of per IW are about 
0.025 mols / h-w, using potential efficiency of a cell as 64%, it is power-flux -density 0.15 W/cm2. The hydrogen flux phiH2 at the 
time serves as a mol (0. 1 5 (0.025)) / cm2 and h= 1 .37cm3 / cm2, and mm. Below, the conditions of the palladium system metal 
membrane for obtaining the aforementioned hydrogen flux are examined. Hydrogen flux phiH2 which lets the palladium system metal 
membrane concerned pass It is given by the formula shown in-one following "number." 
[0035] 
[Equation 1] 

0H2=K - exp [ -Ba/RT] • CmT-rVT) • • • ( 1 ) 



K iim^MW^m Ccm' Xcm^ -mm) 

E a : t£fi{C*|-r5fS^{baiTWU=^^- (=2550cal/mol) 
R : ^i^^m (= 1 . 9 8 7 c a 1 /m o 1 - k) 

T : mnum (K) 

[0036] Here, operating temperature is made into 120 degrees C (=393 K), and a downstream hydrogen partial pressure is temporarily 
set to PL**Oatm. Moreover, the Pd-Ag alloy film is adopted as a palladium system metal membrane. Since the thickness and hydrogen 
permeation multiplier are in inverse proportion, by adjusting thickness, the hydrogen permeation multiplier K can be set as a 
predetermined value, and the value of K=200-300 can be realized comparatively easily. Upstream hydrogen partial pressure PH which 
obtains hydrogen flux phiH2 = 1.37cm3 / cni2, and mm from the above-mentioned formula (1) It will be set to PH2=0.0143- 
0.0322atm if it asks. 

[0037] Therefore, when operating the total pressure of hydrogen content fuel gas by 2atm(s), 0.7-1 .6-mol % order of the 

hydrogen concentration in this fuel gas will be good. 

[0038] However, in fact, although a larger value than an above-mentioned upstream partial pressure or the value of upstream hydrogen 
concentration is needed since gas constituents other than that a downstream hydrogen partial pressure is not zero and hydrogen are 
resisting to diffusion of hydrogen in the gas laminar film formed in the upstream and the downstream of the palladium charge metal 
membrane concerned, the example which rounded and made the formation conditions of a fuel cell as an experiment is shown below 
by making an above-mentioned condition value into a standard. 

[0039] (Example 1) the example concerning the configuration of the fuel cell which showed this example to drawing 1 — it is — as the 
palladium system alloy film 14 - the Pa-Ag alloy film - using — structure and an operating condition - and the result of the acquired 
generation-of-electrical-energy property is shown below. 

[0040] Although the hydrogen content gas and oxygen content gas which the fuel cell was made to energize were seen from the cell 
engine performance and it was superfluous, it turned out that it can generate electricity with the cell configuration proposed by this 
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invention. 
[0041] 

(1) Structure conditions of a cell Effective generation-of-electrical-energy area of a eel: ScmxScm Electrolyte membrane (quality of 
the material) : perfluoro sulfonic acid type ion exchange membrane (film thickness) : 125 micrometers (ion exchange capacity Ae) :1.1 
meg/g-resin Catalyst bed (quality of the material) :P. t support carbon particle layer (a hydrogen pole side, oxygen pole side) 
: 0. 12mm (Film thickness) : 1 .5 mg/cm2 (The amount of Pt support) Hydrogen separation metal membrane (quality of the material) :P 
a and Ag alloy film :25wt% (Ag content) (Film thickness) : [ About 10 micrometers ] Oxygen electrode (quality of the material) : The 
sheet made from porosity carbon : About 0.4mm (Thickness) Gas separator (quality of the material) : SUS316L : A width [ of 0.4mm ] 
X depth [ of 0.5mm ] x pitch 1mm (2) operating condition (The shape of a quirk) Temperature : 100 degrees C Pressure: Ordinary 
pressure Hydrogen content gas (presentation): H2 : 30-mol %, and H2 O:30-mol %, N2 : 38.5-mol % and CO: 1.5-mol % (flow 
rate) : 1200 Ncc/min Oxygen content gas (presentation): Humidification air (02: 19%, N2:71%, H2 0: 10%) 
: (Flow rate) 1500 Ncc/min(3) generation-of-electrical-energy engine performance Electrical potential difference: 0.7V Current 
density: 0.08 A/cm2 [0042] (Example 2) Next, the example concerning the configuration of the fuel cell shown in drawing 2 is 
explained. In this example, it has joined to the direct electrolyte membrane 11, using the Pa-Ag alloy film as palladium system alloy 
film 14. The result of this structure and operating condition, and the generation-of-electrical-energy property which could reach is 
shown below. 

[0043] Although the hydrogen content gas and oxygen content gas which the fuel cell was made to energize were seen from the cell 
engine performance and concentration distribution had become the amount of overage so that might not be formed in a gas side within 
a cell, it turned out that it can generate electricity with the cell configuration proposed by this invention. 
[0044] 

(1) Structure conditions of a cell Effective generation-of-electrical-energy area of a eel: 5cmx5cm Electrolyte membrane (quality of 

the material) : perfluoro sulfonic acid type ion exchange membrane (film thickness) : 125 micrometers (ion exchange capacity Ae) :1.1 

meg/g-resin Catalyst bed (quality of the material) :P. t support carbon particle layer (however, only oxygen pole side) 

: 0.12mm (Film thickness) : 1.5 mg/cm2 (The amount of Pt support) Hydrogen separation metal membrane (quality of the material) :P 

a and Ag alloy film :25wt% (Ag content) (Film thickness) : [ About 1 0 micrometers ] Oxygen electrode (quality of the material) : The 

sheet made from porosity carbon : About 0.4mm (Thickness) Gas separator (quality of the material) : SUS3 16L : A width [ of 0.4mm ] 

X depth [ of 0.5mm ] x pitch 1mm (2) operating condition (The shape of a quirk) Temperature : 101 degrees C Pressure: Ordinary 

pressure Hydrogen content gas (presentation): H2 : 20-mol %, and H2 O:30-mol %, N2 : 48,5-mol % and CO: 1.5-mol % (flow 

rate) :1240 Ncc/min Oxygen content gas (presentation): Humidification air (02:19%, N2:71%, H2 0:10%) 

: (Flow rate) 1550 Ncc/min(3) generation-of-electrical-energy engine performance Electrical potential difference: 0.71V Current 

density: 0.05 A/cm2 [0045] 

[Effect of the Invention] As mentioned above, since the palladium system metal membrane was used as a hydrogen pole according to 
the fuel cell conceming this invention as stated with the example, the effectiveness which only hydrogen can be penetrated 
alternatively and shows it below is done so. 

1 ) In order to obtain high grade hydrogen like a conventional method, it becomes unnecessary to refine hydrogen, and the whole 
system is simplified and miniaturized by the deoxo method or membrane-separation method for burning alternatively CO which 
remains further after CO water gas shift reaction with a catalyst (C0->C02), the adsorption purification method, etc. 

2) The configuration of a fuel cell does not become complicated especially as compared with a conventional method. 

3) Moreover, in joining a palladium system metal membrane to a direct electrolyte membrane, a catalyst bed becomes unnecessary and 
structure simplifies. 

4) So, it can contribute to energy saving and saving resources according to the effectiveness of the above 1-3. 
[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view of the gas separator concerning one example. 
[Drawing 2] It is the explanatory view showing the components structure of the separator of drawing 1 
Prawing 3] It is the graph which shows the cell performance curve of a test result. 
[Drawing 41 It is the block diagram showing a solid-state polyelectrolyte film fuel cell. 
[Description of Notations] 

1 1 Electrolyte Membrane 

1 2 Catalyst Bed for Hydrogen Dissociation 

13 Catalyst Bed for Hydro- Acid-izing 

1 4 Palladium System Metal Membrane 

1 5 Negative-Electrode Side Gas Separator 

16 Oxygen Electrode 

1 7 Positive-Electrode Side Gas Separator 

1 8 Hydrogen Content Fuel Gas 

1 9 Fuel Gas Passage 

20 23 Stream 

21 Oxygen Content Gas 

22 Oxygen Content Gas Passageway 
24a Proton H+ 

24b Proton H+ Flow 
25 02 Flow 

26a-26c Electron e - Flow 
27 Electronic Load Resistance 
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WRITTEN AMENDMENT 

[a procedure revision] 

[Filing Date] June 3, Heisei 4 
[Procedure amendment 1 ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 1 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim 1] The fiiel cell characterized by making hydrogen penetrate preferentially out of the gas which comes to arrange the hydrogen 

demarcation membrane which makes hydrogen penetrate alternatively to the hydrogen pole side of the electrolyte layer of a proton 

conduction type in the fuel cell which operates considering the gas containing hydrogen as a fixel, and touches a hydrogen pole through 

the hydrogen demarcation membrane concerned, and generating electricity by transmitting to said electrolyte layer. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0014 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0014] 

[Means for Solving the Problem] The configuration of the fuel cell concerning this invention which attains said purpose is 

characterized by to make hydrogen penetrate preferentially out of the gas which comes to arrange the hydrogen demarcation 

membrane which makes hydrogen penetrate altematively to the hydrogen pole side of the electrolyte layer of a proton conduction 

type, and touches a hydrogen pole through the hydrogen demarcation membrane concerned, and to generate electricity by transmitting 

to said electrolyte layer in the fuel cell which operates considering the gas containing hydrogen as a fuel. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0020 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0020] About passage of the hydrogen in these palladium system metal membranes, many researches are made after discovery of 
Graham, and the setup of the transparency device is as follows. 

(1) A hydrogen content child sticks to the front face of the film by the side of raw gas. 

(2) Dissociate to a hydrogen atom, with an adsorption hydrogen content child adsorbing. 

(3) An adatom ionizes, separate into a proton and an electron and award an electron to a metal grid. 

(4) It is spread in the opposite side (purification hydrogen side) fi-om a membranous raw gas side in the state of a proton. 

(5) A proton receives an electron from a metal grid in the opposite side, and the atom of the letter of adsorption generates. 

(6) Association of two adsorption hydrogen atoms generates an adsorption hydrogen content child. 

(7) Carry out desorption of the hydrogen content child from a film surface. 

Only the hydrogen which carries out a dissociative adsorption and can be in a proton condition by the above-mentioned step can carry 

out diffuse transmission of the inside of the film. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0034 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0034] 

[Example] Hereafter, based on the following examples, it explains that the fuel cell by this invention is effective. When an electrical- 

potential-difFerence x current characteristic (IV property) operates a cell by 0.15 W/cm2 by 0.75Vx0.2 A/cm2, i.e., power flux density, 

it asks for the flux of the hydrogen which flows a cell. Potential efficiency of a cell is made into 64%, and since the hydrogen initial 

complements of per 1 W are about 0.025 mols / h-w, the hydrogen flux phiH2 at the time of power-flux-density 0.15 W/cm2 serves as 

mol (0. 15 (0.025)) / cm2, and h= 1.37cm3/cm2 and min. Below, the conditions of the palladium system metal membrane for obtaining 

the aforementioned hydrogen flux are examined. The hydrogen flux phiH2 which lets the palladium system metal membrane 

concerned pass is given by the fomnula shown in following "number 1." 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item{s) to be Amended] 0035 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0035] 

[Equation 1] 
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0H2=K-exp [ -Ea/RT] • (/TT-VTr) • • • ( 



K : yKmStmrnm. C c y c m'' • m i n) 

Ph , Pl : ^i\^'n^miZ'^\'''X(D±mm^£. Tmmt 

E a : mikizM-r?>mn<t:i-^Jl'^- (= 2 5 5 0 c a 1 , 
R : ^.i^^rn. (= 1 . 9 8 7 c a 1 /m o 1 • K) 

T : ^^num ck) 

[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0036 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0036] Here, operating temperature is made into 120 degrees C (=393K), and a downstream hydrogen partial pressure is temporarily 
set to PL**Oatm. Moreover, the Pd-Ag alloy film is adopted as a palladium system metal membrane. Since the thickness and hydrogen 
permeation multiplier are in inverse proportion, by adjusting thickness, the hydrogen permeation multiplier K can be set as a 
predetermined value, and the value of K=200-300 can be realized comparatively easily. It will be set to PH=0.0143-0.0322atm if it 
asks for the upstream hydrogen partial pressure PH which obtains hydrogen flux phiH2= 1.37cm3/cm2 and min from the above- 
mentioned formula (1). 
[Procedure amendment 7] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0040 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0040] Although the hydrogen content gas and oxygen content gas which circulated the fuel cell were seen from the cell engine 

performance and it was superfluous, it turned out that it can generate electricity with the cell configuration proposed by this invention. 

[Procedure amendment 8] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0041 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0041] 

(1) The structure conditions of a cell 

Effective generation-of-electrical-energy area of a eel: 5cmx5cm 

Electrolyte membrane (quality of the material) : perfluoro sulfonic acid type ion exchange membrane 

: (Film Sickness) 125 micrometers 

(Ion exchange capacity Ae) : 1 . 1 meg/g-resin 

Catalyst bed (quality of the material) :P. t support carbon particle layer (a hydrogen pole side, oxygen pole side) 

: (Film thickness) 0.12mm 

(The amount of Pt support) :1.5 mg/cm2 

Hydrogen separation metal membrane (quality of the material) :P d and Ag alloy film 

(Ag content) :25wt% 

(Film thickness) : about 10 micrometers 

Oxygen electrode (quality of the material): The sheet made from porosity carbon 

: (Thickness) About 0.4mm 

Gas separator (quality of the material): SUS316L 

: (The shape of a quirk) Width [ of 0.4mm ] x depth [ of 0.5mm ] x pitch 1 mm 

(2) Operating condition 
Temperature: 100 degrees C 
Pressure: Ordinary pressure 
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Hydrogen content gas (presentation): H 2:30-nio] %, and H2 O:30-mol %, 
2:38.5 mol % and CO: 1 ,5-mol % of N 
(Flow rate) : 1 200 Ncc/min 

Oxygen content gas (presentation): Humidification air (02: 19% and N2:71%) 
H2O:10%) 

(Flow rate) : 1 500 Ncc/min 

(3) Generation-of-electrical -energy engine performance 

Electrical potential difference: 0.7V 

Current density: 0.08 A/cm2 

[Filing Date] June 3, Heisei 4 

[Procedure amendment 9] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0042 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0042] (Example 2) Next, the example concerning the configuration of the fuel cell shown in drawing 2 is explained. In this example, 

it has joined to the direct electrolyte membrane 1 1 , using the Pd-Ag alloy film as palladium system alloy film 14. The result of this 

structure and operating condition, and the generation-of-electrical-energy property which could reach is shown below. 

[Procedure amendment 1 0] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0043 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0043] Although the hydrogen content gas and oxygen content gas which circulated the fuel cell were seen fi-om the cell engine 

performance and concentration distribution had become the amount of overage so that might not be formed in a gas side within a cell, 

it turned out that it can generate electricity with the cell configuration proposed by this invention. 

[Procedure amendment 1 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0044 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0044] 

(1) The structure conditions of a cell 

Effective generation-of-e!ectrical -energy area of a eel: 5cmx5cm 

Electrolyte membrane (quality of the material) : perfluoro sulfonic acid type ion exchange membrane 

: (Film thickness) 125 micrometers 

(Ion exchange capacity Ae) : 1 . 1 meg/g-resin 

Catalyst bed (quality of the material) :P. t support carbon particle layer (however, only oxygen pole side) 

: (Film thickness) 0. 1 2mm 

(The amount of Pt support) : 1 .5 mg/cm2 

Hydrogen separation metal membrane (quality of the material) :P d and Ag alloy film 

(Ag content) :25wt% 

(Film thickness) : about 10 micrometers 

Oxygen electrode (quality of the material): The sheet made fi-om porosity carbon 

: (Thickness) About 0.4mm 

Gas separator (quality of the material): SUS3 16L 

: (The shape of a quirk) Width [ of 0.4mm ] x depth [ of 0.5mm ] x pitch 1mm 

(2) Operating condition 
Temperature: 101 degrees C 
Pressure: Ordinary pressure 

Hydrogen content gas (presentation): H 2:20-mol %, and H2 O:30-mol %, 
2:48.5 mol % and CO:1.5-mol % of N 
(Flow rate) : 1 240 Ncc/min 

Oxygen content gas (presentation): Humidification air (02: 19% and N2:71%) 
H2O:10%) 

(Flow rate) : 1550 Ncc/min 

(3) Generation-of-electrical -energy engine performance 
Electrical potential difference: 0.71V 

Current density: 0.05 A/cm2 

[Procedure amendment 1 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Easy explanation of a drawing 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the fuel cell concerning one example of this invention. 
[Drawing 2] It is the block diagram of the fuel cell concerning one another example of this invention. 
[Drawing 3] It is drawing showing the outline of the fuel cell system by the conventional technique. 
[Drawing 4] It is the block diagram showing the conventional solid-state polyelectrolyte film fuel cell. 
[Description of Notations] 

1 1 Electrolyte Membrane 

12 Catalyst Bed for Hydrogen Dissociation 

1 3 Catalyst Bed for Hydro- Acid-izing 
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14 Palladium System Metal Membrane 

15 Negative-Electrode Side Gas Separator 

16 Oxygen Electrode 

1 7 Positive-Electrode Side Gas Separator 

1 8 Hydrogen Content Fuel Gas 

19 Fuel Gas Passage 

20 23 Stream 

2 1 Oxygen Content Gas 

22 Oxygen Content Gas Passageway 
24a Proton H+ 

24b Flow of proton H+ 
25 Flow of 02 

26a-26c Flow of electronic e- 
27 Electronic Load Resistance 



[Translation done.] 
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ABSTRACT : PURPOSE: To provide a fuel battery to which a reformed gas can be directly supplied. 

CONSTITUTION: In a fuel battery in which a gas 18 containing hydrogen is used as a fuel, 
a palladium series metal film 14 is provided as a hydrogen separation film of selectively 
transmitting hydrogen into the hydrogen pole side of a proton conduction type electrolyte 
layer 1 1 . Hydrogen is preferentially transmitted from the gas touching the hydrogen pole 
through the palladium series metal film and transferred to the foregoing electrolyte layer to 
generate an electric power, so that a reformed gas can be supplied as a fuel direction to 
the battery without the gas containing hydrogen obtained by particularly reforming the fuel 
being refined with high purity in advance. 
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[0 0 3 83 UA^L. lll^taTjJitl|ij7j<^^^ffa-t"aT' 

(1) 



t>T7K^t7DSS^lc3^LTSin;i:^5fcJ6. ±jZE<D±j^ifiJ 
5^EXti±?^<|ij7j<^ii*tOfflJ; f? t^^^v^MA^it^gi:^ 

[0 0 3 9] (|j]5g«?IJ 1 ) i^mit. 0 1 t^LfciSSm 
[0 0 4 0] «K*4S!tetiim$-a-fc7j<m^W;9'X*5J;t>' 
[0 0 4 1 ] 



•fe-'K^WJa^mffia : 5 c m X 5 c m 

mmts:) ■■ 1 2 5 /zm 

(l'st->'3Si^$aA e) : 1 . 1 m e g/g- r e s i n 
: 0. 1 2mm 

(p tfijfa) 



1 . 5 m g / c 
P a • Ag^^H 

2 5w t % 
1 0 /i m 

S<)0. 4mm 



;«fX-fe7^U-^i : S U S 3 1 6 L 

(^Jg4^e) :rti0. 4mmxgil*0 

(2) ^f^^# 

Ja* : 1 00*0 



SmmXlf -y^ 1 mm 



(MM) 



H2 : 3 0€^;l/%, H? O: 3 0t;l/%. 
Nj :3 8. 5*;l/%. CO: 1. 5^-;b% 
1 2 0 0 N c c /m i n 



(6) 
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10 



7 1 %, 



Co 0 4 4] 



mm^ma:^ mm -.ixim^^ (o? : i 9%. n2 

H2 O : 10%) 
(MS) : ISOONcc/min 

(3) %m^m 

HE : 0 . 7 V 
mSi^-S : 0. 0 8 A/cm2 

[00 4 2] (.mmm 2 ) ^^ic. 02 ic^.LrzBnmm 

-i^AlS-^^M 1 4 t UT P a - A g-&^^*fflV\ ifig 

CO 0 4 3] mnmmicm^-$^rc7m^mMx^^zs 

(1) ««6c01i3g*ft 

•t/l^«0^?aifgiifiS : 5 c m X 5 c m 

(^;?^) : 1 2 5 /im 

:t>5£^§fiA e) :i. Imeg/g-resin 

(mmtE) : 0. 1 2 mm 

(p tmnm) 

(A g$*^) 



: 1 . 5 m g/c m^ 
: P a • Ag-a-^K 
; 2 5w t % * 
: 0 /im 

:$50. 4mm 



:tfX-t:/^l^-^J : S U S 3 1 6 L 

iMB^) :rUO. 4mmX}fii?0. 5 mmx If-y ^ i mm 

(2) Jt^mff 

jas : 1 0 1 •c 



(«tS) 



H2 : 2 0*-;l/%, Hz 
N2 : 4 8. 5^;I/%. 
I 2 4 0 N c c /m i n 
ADjS^M (Oz : 1 9%, Nz 

Hz O : 10%) 
1 5 5 0 N c c /m 1 n 



O : 3 0*;l/%, 
C O : 1 . 5 *;!/% 



7 1 %. 



3) t/c. y^^i^'yL.f^.^m^ 



(iJftS) 

(3) ^mttfig 

MS. : 0 . 7 1V 
^dSSBS-'O. 0 5A/cm2 
COO 4 51 40 

sjs^*e.»c?s#-r5co*«jiT'S»?e*ifi:jifgjK (co 

-^COz ) ?-li-i.-r:t*VffiSi.i/Hi)15^g|i*^®«« 
Saa* if J; ^T7j<m^ffiSa-r^!tSgA' i^X 
•rAife«:A^fS!m. 3>7<^ hft^tlSo 



4) ^nttfc, ±^1) ~3) 03e(j*fcJ:»3^x^ 
C01] — Slfi6i0!l»c^5**X-t/<U-^?cD^/g^?IS-e 

[02] ^i<D-k/^i'—^<Ds^shm7^^niT^mm-v^ 



(7) 

11 

1 1 mmnm 

1 2 7mmmm(ommm 
1 3 7mmtm(Dmmm 

1 4 /^^v^^'^A^^S^ 

1 5 nmm:s:^'t7^u-^ 

1 6 mmmm 

1 7 iE@ffly;^7X-tr/^^-^ 10 
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12 

1 8 Tiim'^mts^niST. 

1 9 <g5)^:^-XgSgS 

2 0. 2 3 XhU— A 
2 1 ^^^^:«rx 

2 2 

24 a T'nhVH* 
2 4b h>H^ (Omtl 

2 5 02 OgStl 
26a-26c m^e* OSitn 

2 7 m^m^^fiia 



[01] 



[112] 



27 



17 




21 



14 



27 



17 




18 



21 



14 



[03] 




(8) 



9 1 0 5 




Z^m^lE 1 ] 

mjEnmrns^i o o 1 4 

[0 0 1 4] 

i^^E^LT^t). m^7i<m^mm^m.r7Hmm^as 
immnm^m^i 0020 



[0 0 2 0] ;ine.o-'<7>?'^Ai^^s)Mfci3tt57i<}g 

(^JUatCOV^Tfi. G r a h a m<D?%^i;i^^ < (Om^ 

( 1 ) jas:tirxfflij©)M©«®fC7)<^i}-^A<iRa-rso 

(2) i!R«7j<^^^?*<®«b/cSt7K^lS^fcfi?li-r 

m7mm) icmm-r^o 

(5) Sit<i|-p:/n h>A^^S1g^3b>&m?-*SifLeR 

(6) 5Ra7j<|gJl?2fflOiK^tc±i3. ®«7j<^^J-^;& 

(7) mtSi)-^^7m^=?-^mmT^o 
imjEiimms^i 0034 

CO 0 3 4] 



(9) 



I8¥ 5-299 1 0 5 



ii (I Vlt14) *<0. 7 5VX0. 2 A/cmZ -rJ&t) 

?ft<om£ESS!)^«r 6 4 % 4: bT. 1 t) ©TkiSie^aa 

^0. 0 2 5^r;l'Xh • wT'feS3b>e). S:t)g5S[0. 1 
5W/cm2 cDi:t(D7j<^75-y^X0H2 tt (0. q 



2 5) (0. 1 5) ^^;l//cm2 •h=l. STcm^ 

<*H2=K • exp [ -Ea/RT] • (yTT-irPT) 



«Hz ti. TIB rsf 1 J fc5^-rieT--^iip.nsc 

CffllEW^^BS^] 00 3 5 
[0 0 3 5] 



(1) 



K : 7Kimi&mU (cm* /cm* • m i n) 
Ph . Pl : '?-tl'e*n*^lcoV>T©±iSKM^E. T«lfl!I^BE(atiiO 
E a : Jfct!fJcit^§S5^<fca^*;P4*- (=2550cal/mol) 
R : (= 1 . 9 8 7 c a 1 o 1 • K) 

T : mmm ck) 



[liiE^^sffi^] mmm 
lummmmB^i oo36 

[0 0 3 6] CCT. Sg{tJaS[«:l 2 ox: (=393 

K) tb. T}3iHlij7j<^i)-£E{±{gt P L = 0a VrnfT 
5o t^c. >'^5v''>AI^^MBii:LT, Pd • Ag^^ 

fcS^f SC4:*^T-t, i±8JW^^tcK= 2 0 0 — 3 0 

o©fi^^3^-rs<i t*<T'tSo ±ies(ie (1) A^e>, 

7k^77'y^'X0Hz = 1 . 3 7 01X13/01112 • m J_ 
n^tf;5±aifflij7k^jj-EEPH ^^A6S4:. Ph =0. 0 
1 4 3~0. 0 3 2 2 a t mi:*-5o 

( 1 ) mmnwmm'^ 

mmvm mm.) 



[#igcMlE7 3 

[»IE3hf^«B«] 00 4 0 
[«IErt^] 

[0 0 4 0] mnmmci^-i^rc7\im^mi37,isi:xs 

[^^ffilES] 

miEiimmm^i mmm 
miEnfm.m^i 0041 

[MlErt^] 
[004 1] 



5 c m X 5 c m 
1 2 5 /im 

('t' ^VJ^lfl^SA e) : 1 . 1 m e g/g — resin 
(Mm : P t (zklRfiiftl. mm- 

(jliP?) : 0. 1 2 mm 
CP tS^Ffi) : 1. 5mg/cm2 

i^m^m^mm. mm : Pd.- Ag-&^^ 

(A g#W^) : 2 5 w t % 
(H/PS) : 1 0 ;tm 



(10) 



5-299105 



5mmXtf-y^l mm 



(JPS) -.mo. 4mm 
**X-b-'<b-^f : S U S 3 1 6 L 

- rpO. 4mmxmf£0 

(2) m^^f^ 

isa : 1 0 0 x: 

yHm-^^iJT. (fflfig) : H2 : 3 0^:;!/%. Hz O : 3 0^-;U%. 

N 2 : 3 8 . 5 C O : 1 . 5 

(i5Sl«) :i200Ncc/min 
(ffifiK) : iraiSSSM (0 2 : 1 9%. N2 : 7 1 %, 

H 2 O : 10%) 
(jSaS) : 1 5 0 0 N c c /m i n 



(3) 



114^ 

mm ■■ 0. 

ratUB] ¥fi!t4^6^3B 
[ffilEJ^^JSB*] 00 4 2 



7 V 

0. 08A/cm2 



[0 0 4 2] cmmmz^ 
nmnmi 



i 1 4 LT p d. • A g ^^m^m\^\ us 

1 i:«-&LTO>So c®:^ig43J:tfaSf^*ft 



miEMmms^i 004 3 

( 1 ) m?tecD<iai^{i^ 



[0 0 4 33 iimmm\zi^-^^tz-A(.m^-^iJ7.isi:l3 

/-Co 

[#^MIE 1 1 ] 
[ffllEWia^aS] 0 0 4 4 

[0 0 4 4] 



5 c m X 5 c m 
1 2 5 /im 

('C^VS^iSSaA e) : 1 . 1 me g/g- resin 

(iiil*) : 0. 1 2mm 

1. 5mg/cm^ 
P d.- A g-g-^il 
2 5 w t % 

: I^J 1 0 /zm 

fifyO. 4mm 



(P tfi^«) 

(A g^W^) 

(MP?) 

(ji?) 



;«fX-fe/^U-:> («H) : S U S 3 1 6 L 
(iSJgtt) :rt30. 4mmx}S?0 

(2) ^f^^# 

: 1 0 1 

: ^S. 



5 mmx bf "y ^ 1 mm 



(iJiiS) 



H2 : 2 0^-;l/%, H2 O : 3 0^^;l/%. 
N 2 : 4 8 . 5 C O : 1 . 5 

1 2 4 0 N c c / m i n 



(11) 
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m&) : 1 5 5 0 

(3) %«14Sg 

nS. : 0 . 7 1V 

ttSSffi-^ : 0. 0 5 A/cm2 

[02] 2|5:%wg)gijg)-^fifsffatcfi5a<gtag?it!<oaBg^ 
1 1 a^MM 



(Oz : 1 9%. Nz 
H 2 O : 1 0 %) 
N c c /m i n 



7 1 96. 



1 2 7j<^^^ffi(0«g^S 

1 3 Tiif^mitmtommm 

1 4 /^^j^-^AI^^SS 
1 5 ftfimiA'X-fe/^^-:? 

1 6 mmmm 

1 7 IEffiffl!J;<fX-fe>'^U— 

1 8 7km-^mmn:»:^ 

1 9 j^i^^-XdilgS 

2 0. 2 3 Xh'J-A 
2 1 SE^^W^'X 

2 2 If^^^A-XjJitK 

24 a :/Dh>'H + 

24 b T'n h>H+ <Dgitn 

2 5 0 2 <Dj5itn 

2 6 a ~ 2 6 c 3^ e - ©iJSn 

2 7 m'FM.mmtn 



/SaH/ASmSEIi^frBlEaTS 6#22^ 
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